Consumers' preferences for meat quality attributes such as color influence their purchasing decisions. Better understanding of consumer preferences can help meat processors and others attain effective product development and marketing and inform public policy decisions on nutrition and food safety education. Modified atmosphere packaging extends the shelf-life of fresh meat and, with the inclusion of carbon monoxide, achieves dramatic color stabilization. The value that US and German consumers' place on ground beef packaging techniques was quantified by means of nonhypothetical choice experiments. The studies' results can benefit food producers and retailers who make decisions about investing in new packaging methods by providing quantitative measures of how packaging affects consumers' preferences and willingness to pay for products.
Introduction
In markets today, consumers demand meat products that are safe, promote good health, are of high quality and convenient to purchase and use. In this context, keeping color attractiveness and other indicators of meat being "fresh" and high quality is of primary importance. Color is the first quality attribute consumers use to evaluate meat quality and it plays a major role in influencing purchase decisions (Viana et al. 2005) , even if the color does not affect taste or shelf life (Sørheim et al. 2001 , Steenkamp 1989 .
Establishing and maintaining a cherry red and attractive color during retail display is a challenge for meat processors and the retail industry. Several processing technologies are available to improve color stability such as packaging meat in a modified atmosphere.
Modified atmosphere packaging (MAP) refers to the replacement of air with a single gas or a mixture of gases such as high oxygen (O2) atmospheres, with minimum 60% O2 (McMillin, 2008; Sørheim et al. 2001) . Another possibility to preserve meat color is to use carbon monoxide (CO) in concentrations between 0.3% and 0.5%. 1 This gas binds strongly to myoglobin to form carboxymyoglobin and results in a stable bright red muscle color that better satisfies consumers' demands. MAP with low concentrations of CO and high concentrations of carbon dioxide (CO2) has been shown to provide stable, bright red color to beef and pork products (Viana et al. 2005) . Overall, MAP is commonly used to maintain the quality and improve the shelf life of foodstuffs.
MAP and MAP containing CO (MAP/CO) have advantages for both consumers and suppliers. The packaging technologies increase shelf life (up to 30 days), create stable and attractive color and reduce microorganism growth that may lead to spoilage.
However, one disadvantage is that the technology causes higher packaging costs (Phillipps 1996) . Also, while the growth of spoilage and pathogenic bacteria is generally reduced by using MAP with increased levels of CO2 and/or removal of O2 (Sørheim et al. 2001) , some consumer groups have raised concern that due to the color-preservation of CO, MAP/CO might be abused to conceal the potential color change of spoiled meat.
In fact, MAP/CO could potentially mask product spoilage which may mislead consumers, especially consumers who use color as the only indicator of meat freshness and ignore expiration dates (Phillipps 1996) . Nevertheless, proponents claim that there are other indicators of spoilage, such as foul smell and slime. Those attributes are readily detectable by consumers.
These controversies have led to different public regulations on the use of MAP/CO among countries. In the United States the declaration of CO for meat is generally recognized as safe although there remain some legislative controversies and concerns regarding the process by which CO approval was given (Bjerklie 2007). The
Food and Drug Administration (FDA) does require the labeling of CO-treated meats with a use-by date stating the amount of time the product will remain safe for consumption (USDA 2008 , FDA 2004 , FDA 2002 shelf life extension and color stabilization of ground beef resulting from MAP and MAP/CO. The contribution of this paper is to account for consumers' willingness to accept different meat packaging methods under different information scenarios. We chose ground beef as the research product, because it is a staple in the diet of industrial countries. Given the potential for MAP and MAP/CO to improve the profitability of producers and food retailers and potential to provide desired consumer quality attributes, consumers' perceptions and willingness to pay (WTP) for these new technologies are critical to a better understanding of how to position the new technologies in order to find acceptance in the marketplace and appropriately inform consumers. In this study, we assess consumer preference of MAP and MAP/CO for pre-packaged ground beef with a focus on three primary questions:
1. Are consumers willing to pay for extended shelf-life of ground beef?
2. Are consumers willing to pay for stabilized color of ground beef?
3. Does information change consumers' perception of MAP and MAP/CO?
The remainder of the paper is as follows. The second section explains the design of the study and the methodology applied to analyze the data. Section three presents empirical results and section four concludes.
Design of the study and methodology

Consumer survey and choice experiments
To investigate consumers' preferences, i.e. willingness to pay for meat shelf-life and different shades of meat color, a series of choice experiments was conducted following procedures similar to those of Alfnes, Guttormsen, Steine and Kolstad (2006) . The study assessed the premium consumers are willing to pay for shelf-life extension resulting from MAP and the premium consumers are willing to pay for "cherry red" ground beef resulting from MAP that includes CO. Also, we analyzed whether consumers discount foods with MAP or MAP/CO when provided with more detailed information about the technologies. Our methodology, which confronts consumers with a series of nonhypothetical purchasing decisions, is an attractive mechanism for evaluating consumer preferences because insight into consumers' willingness to pay for individual product characteristics is provided. In choice experiments, respondents are asked to make repeated choices among different products that vary across different key attributes, including color and price (Hensher, Rose and Greene, 2005) .
The product that is the focus of this study, pre-packaged ground beef (1 lb) in white plastic containers wrapped in transparent film, was presented to consumers in each of nine choice scenarios. In each scenario we displayed two consumer packages of ground beef. Participants selected their most preferred option before moving on to the next choice scenario. US participants received real products. Because MAP/CO is not on sale in Europe we used pictures instead of real product in the German experiments. The pictures had been taken of the real products used in the US experiments to keep the variation of product as low as possible.
The experimental design included three attributes, namely, color, shelf-life and price, with three levels for each (see table 1 ). The attributes differed from setting to setting according to a fractional factorial design. The light red aerobically packaged ground beef was packaged at the Iowa State University (ISU) Meat Laboratory with oxygen-permeable overwrap to permit oxygeninduced fresh meat color development. The brownish-red ground beef was also aerobically packaged at the ISU Meat Laboratory with permeable overwrap but was irradiated with 1 kGy to achieve a standardized and consistent brownish-red color that was used to represent a meat color that has begun to deteriorate in retail display. The cherry red ground beef packaged in MAP/CO was purchased in a local supermarket.
We had three consecutive treatments in which informational inputs to the participants were varied. 3 All information was technical but presented in "layperson" language and was neutral, without risk or benefit information included. Before treatment 1 (T1), participants had no information. Before treatment 2 (T2), verbal information was provided about meat shelf-life focusing on the role of MAP in extending product shelflife. The information given to participants reads: "Some technologies such as modified atmosphere packaging (MAP) will extend food products' shelf-life. Modified atmosphere packaging (MAP) relies on altering the composition of gases in contact with the food by replacing pure air with a single gas or a mixture of gases such as carbon dioxide. This is then combined with low temperature storage of less than 38 degrees Fahrenheit (3.33 degree Celsius). Beyond that, the aim of MAP is to exclude or greatly reduce oxygen levels, to retain the moisture content of the food and to inhibit aerobic microbial growth."
Before treatment 3 (T3), verbal information about the role of CO in stabilizing color was provided. The information provided to participants reads: "Red meat products are somewhat like sliced apples. Their color can change rapidly -even though the product is still safe and wholesome. In fact, retail stores often discount red meat products that have changed color but are still safe and wholesome -and well within their shelflife. When products become unmarketable purely on the grounds of cosmetic reasons during their regular shelf-life, this can add costs to the supply system, which in turn can raise meat prices.
Modified atmosphere packaging can stabilize the color of ground beef -in addition to extending the shelf-life. Modified atmosphere packaging includes different mixtures of gases, for example with high or low oxygen levels. By eliminating the oxygen from the package and adding minute amounts of the gas carbon monoxide along with other protective gases to the headspace of the red meat packages, products like ground beef can maintain their appealing red color throughout their shelf-life. Thus, they do not lose their marketability. Carbon monoxide systems for meat have been available for approximately four years. To put it in a nutshell carbon monoxide is a color stabilizer that maintains the typical red color of fresh meat when the gas mixture is applied to the package."
During the second treatment, ground beef packages with a 14-day shelf-life were carrying a label reading "modified atmosphere packaging" and during the third treatment, packages with MAP/CO ground beef were carrying a label reading "modified atmosphere packaging with carbon monoxide" (see table 2). Consequently, each participant made 27 choices in total. To summarize, in each treatment nine package pairs (two packages) of ground beef, were displayed. The ground beef package pairs were characterized by different combinations of the attributes studied (color, shelf-life and price). For example, in the first treatment a particular ground beef package might have had light red aerobic color, a 14-day shelf-life and cost of US $3.05.
In the second treatment the similar colored ground beef would be labeled "modified atmosphere packaging" because of the 14-day shelf-life.
In the studies each participant received US $20.00 (20.00€ for German participants) as compensation for his or her participation. Participants were asked to choose between the products presented, i.e., they were asked which of the two alternatives in a pair they preferred to buy. Also, they could choose to buy none of the two alternatives. After the last choice was made in the experiments, one of the choices of each participant was drawn randomly. To induce real economic behavioral responses, each participant was required to then buy one of their selected packages. This means that a randomly chosen product was purchased. In fact, because the ground beef packages used in the US experiments were exposed to room temperatures for variable amounts of time, for safety reasons participants were given a coupon for the chosen ground beef that could be redeemed at a local supermarket. This is a limitation regarding the use of the non-hypothetical choice experiments in this study. German participants only made choices with regard to ground beef pictures. They received coupons for the ground beef they chose and could redeem that at a local supermarket. However, it was the case that MAP/CO ground beef could not be purchased in Germany. During the study it was only stressed that participants would have to buy the ground beef of their choice.
Mixed logit model
To analyze the data a multinomial mixed logit model with random and independent parameters to capture taste variations is used. Compared to the fixed coefficient multinomial logit and its extensions (e.g. nested logit), the mixed logit has the relevant advantage of allowing for taste heterogeneity unconditional on socio-economic covariates (MENAPACE ET AL., 2008) . Moreover, the mixed logit obviates three limitations of the standard logit model by allowing for random taste variation, unrestricted substitution patterns, and correlation in unobserved factors over time (TRAIN, 2003) . This is particularly relevant because several studies have shown that taste variation is only partially linked to and poorly explained by socio-economic variables such as age and income (e.g. BAKER AND BURNHAM, 2001).
The mixed logit can be defined as any model whose choice probabilities are integrals of standard logit probabilities over the density of parameters to be estimated. It can be specified via random parameters in the utility function and the goal is to estimate the moments of the distributions of individual-specific taste parameters.
The following example explains this point. One of the explanatory variables used in the model is the color 'cherry red'. It is reasonable to assume that consumers differ in their level of appreciation for a specific color of ground beef. Some consumers may prefer cherry red while others may prefer a lighter color produced with pure air. In this model, the random behavior of taste for the variable 'cherry red' is described by a normal distribution with a certain mean and variance. The mixed logit task is to estimate mean and variance, which completely describe the normal distribution.
An important implication of the mixed logit is that probability statements can be attached to the values of these parameters. The mixed logit produces efficient parameter estimates when the same individual makes repeated choices since it considers the correlation over sequential choices induced by the variability in the individual-specific parameters. 
Model specification and estimation
and since the s ijt ' ε are independent over choice situations, the probability of the individual's sequence of choices, conditional on , i β is the product of logits:
We do not observe , We estimate three models. The parameter distributions are assumed to be independent normal distributions. Across individuals the price coefficient is fixed. The advantage of having a fixed coefficient for price is that the WTP for each non-price attribute has the same distribution as the attribute's coefficient. As suggested by TRAIN (2000) the mixed logit estimates presented in this paper are obtained via simulated maximum likelihood using 125 Halton draws. We use Paul Ruud's routine for the optimization. In the models seven explanatory variables are included. Table 3 gives a summary of the included variables. To estimate the model we use the mixed logit code for Gauss written by Train. The code is designed for panel data and accounts explicitly for the correlation over time in unobserved utility that arises when there are repeated choices by a given individual. 4 We use the panel version of the mixed logit code because each participant gives rise to a panel of nine choices. In the model six random coefficients and one fixed coefficient (price) are used.
Sample structure
Two consumer surveys consisting of two parts were conducted to answer the research Very high income 32% 9%
Empirical Results
The results of the mixed logit estimates of our models for treatment 1 through treatment 3 are presented in table 5a for the US sample and in table 5b for the German sample. The price coefficient in all treatments is significantly negative as expected. The value for the coefficient is expressed in US dollars for the US sample and in Euro for the German sample. WTP indicates the marginal willingness to pay. The estimated models show the following results and effects on consumers' evaluation for ground beef.
13 But, after being introduced to the technology behind it, they appreciated the longer shelflife and were even willing to pay $0.30 more for it than for a three-day shelf-life of ground beef. However, a different interpretation would be rather methodological:
consumers learn about the technology and then WTP increases. This change could be attributed to the fact that they paid more attention to shelf life after the information was given and shelf life was pointed out. With regard to heterogeneity among consumers, the significant standard deviations for almost all variables show that there is some variation among consumers. WTP results provides evidence that US Americans are willing to pay higher prices for longer shelf life than Germans. Germans show a significantly higher WTP for cherry red ground beef than US Americans. For example US Americans are willing to pay a premium of €1.50 (~$2.00) for cherry red ground beef while Germans are willing to pay a €3.30 premium for cherry red ground beef. The provision of information on both MAP as well as on MAP/CO decreases particularly the WTP for color for both groups of consumers, although especially for the US consumers.
Discussion and Conclusions
Despite the fact that the EC decided EU citizens are not yet ready to deal with MAP/CO packaging, their WTP is still positive after being informed about the technology. Moreover, they clearly prefer the bright cherry red resulting from MAP/CO.
Our results suggest that consumers are willing to pay for extended shelf-life of ground beef if they are informed about the packaging technology that provides the increased shelf-life. This also suggests that the industry can increase consumer acceptance through informational campaigns. Consumers clearly prefer bright red ground beef that results from CO packaging and are willing to pay for it. However, the WTP decreases if they learn about MAP/CO.
We conclude that a significant share of consumers accept MAP and MAP/CO. But, communicating with consumers about the technologies is vital, and too much information can make consumers insecure, which in turn leads to a lower WTP. This leads to the conclusion that consumers are sensitive to knowledge. In order to facilitate informed decision-making about meat purchases, education about these new technologies is clearly needed. With regard to heterogeneity among consumers the significant standard deviations for almost all variables show that there is some variation among consumers which could be addressed using marketing activities. There are no significant differences for 5 day shelf life in all treatments and 14 day shelf life in treatment 3 of the US experiments, which means that there is no heterogeneity among customers. This could also be addressed with marketing or information strategies, though strategies that would be consistent for all shoppers.
Our conclusions are summarized as follows: − Shelf-life extension affects consumers' WTP for ground beef. A longer shelf-life is preferred as long as the applied technology is understandable. 
